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This  report  describes  field  tests  of  a  commercially 
available,  off-the-shelf,  lightweight  relocatable  struc¬ 
ture  (LRS)  system  selected  for  possible  military  use 
in  a  theater  of  operations.  A  panelized  system 
manufactured  by  Kelly  Klosure,  Inc.  was  selected  to 
determine  the  constructibility,  durability,  and  habita¬ 
bility  of  the  building  system.  The  first  stage  tests 
were  conducted  in  a  desert  environment  (Fort  Irwin, 
CA)  and  stage  II  tests  were  conducted  in  a 
temperate  environment  (Fort  Leonard  Wood,  MO). 
The  results  of  stage  I  tests  are  documented  in  U.S. 
Army  Construction  Engineering  Research  Labora¬ 
tory  (USA-CERL)  Technical  Report  M-361,  Field 
Testing  of  a  Lightweight  Relocatable  Structure  in  a 
Desert  Environment,  A.  M.  Kao,  et  al.  (USA- 
CERL,  1984).  This  report  documents  the  results  of 
the  stage  II  tests. 
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Testing  of  a  Lightweight  Relocatable  Structure  in  a  Desert  Environment,  A.  M. 
Kao.  cl  al.  ( L'SA-C'ERI..  1984).  This  report  documents  the  results  of  the  stage  11  tests. 

C  onstructibility  of  the  buildings  varies,  depending  on  si/e.  The  tests  confirm  that 
the  20-ft-vud  e  X  8-ft-high  buildings  can  be  erected  manually  by  unskilled  troop  labor 
using  only  hand  tools.  However,  for  12-ft-high  structures  assembled  using  4-  X  8-ft 
panels,  and  for  12-ft-high  structures  on  elevated  foundation  baseplates,  a  crane  is 
needed  to  help  lift  assembled  components  for  the  erection.  Elevated  foundation, 
baseplates  greatly  increase  construction  difficulty  and  construction  times.-  . 

It  took  an  average  of  109  man-hours  to  assemble  and  erect  a  20-  X  8-  X  40-ft 
building  on  an  elevated  baseplate,  whereas  it  took  only  .18  man-hours  to  assemble 
and  erect  an  identical  building  on  a  standard  baseplate  in  the  Fort  Irwin  tests.  The 
drastic  construction  time  increase  was  due  not  only  to  the  elevated  baseplates,  but 
also  because  personnel  erecting  the  structures  considered  it  a  training  process  and 
thus  took  a  lot  of  time  demonstrating,  explaining,  and  correcting. 

Some  durability  problems  were  identified  which  did  not  occur  in  the  Fort  Irwin 
tests  Fiberboard  panels  used  in  the  structure  had  severe  weather  resistance  problems 
because  they  wicked  in  water  around  the  edges  and  rivets.  The  galvanized  steel 
panels  had  no  durability  problems. 

Fiberboard  structures  are  favored  for  habitability.  The  environmental  tests 
indicated  that  liberboard  structures  generally  stay  3-5  to  5.5°C  cooler  than  identical 
steel  structures  on  warm  days.  Adding  insulation  to  a  galvanized  steel  structure 
decreases  the  maximum  temperatures  4.0  to  7.5° C.  and  adding  insulation  to  a 
fiberboard  structure  decreases  the  maximum  temperatures  2.0  to  3.5° C.  Based  on 
environmental  performance  alone,  a  fiberboard  structure  would  be  a  good  choice 
and  an  insulated  liberboard  structure  would  give  even  better  results. 

However,  durability  problems  currently  make  fiberboard  a  poor  choice  for  all  but 
extremely  arid  climates.  I  he  moisture  wicking  delaminates  the  panels,  decreasing 
their  strength  arid  making  them  susceptible  to  damage  in  handling.  New  and 
improved  methods  for  weather-proofing  fiberboard  panels  are  currently  being 
explored  I  herelore.  unless  the  fiberboard  moisture  problem  is  corrected,  insulated 
galvani/ed  steel  structures  would  be  a  better  choice  in  terms  of  durability  and 
environmental  performance. 

Additionally,  a  study  has  been  funded  for  Fiscal  Year  1985  on  ways  to  improve 
Die  Kelly  Klosure  system  by  eliminating  the  guy  wires.  It  is  recommended  that  the 
guy  less  design  modifications  be  completed,  tested,  and  incorporated  into  the  system 
design. 
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I  his  research  was  performed  lor  the  Office  of  the  Assistant  Chief  of  Engineers 
(OACE)  by  the  Engineering  and  Materials  Division  (EM),  U.S.  Army  Construction 
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DAEN-ZCM  and  Mr  Micha  l  Shama.  DAEN-ZCM. 

Dr.  A.  Kao  was  the  USA-CERE  Principal  Investigator.  Dr.  R.  Oualtrone  is  Chief 
of  IJSA-CERE-EM.  COE  Paul  J.  Theuer  is  Commander  and  Director  of  USA- 
CERE.  and  Dr.  E.  R.  Shaffer  is  Technical  Director. 
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FIELD  TESTING  OF  A  LIGHTWEIGHT 
RELOCATABLE  STRUCTURE  IN  A 
TEMPERATE  ENVIRONMENT 

1  INTRODUCTION 
Background 

I  he  Army  Facilities  Component  System  (ACC'S) 
provides  facilities  lor  two  different  construction 
standards:  initial  (0  to  6  months)  and  temporary  (6 
to  24  months).  Most  AFC'S  systems  are  designed  to 
meet  the  temporary  requirements  and  thus  are 
assumed  to  meet  or  surpass  initial  construction 
standards.  Since  AFCS  does  not  include  many 
facilities  that  meet  only  initial  construction  stan¬ 
dards.  there  is  a  need  for  building  types  which  fulfill 
these  requirements. 

The  I  S.  Army  Construction  Engineering  Re¬ 
search  laboratory  (USA-CERL)  was  asked  to 
identify  and  evaluate  lightweight  relocatable  struc¬ 
tures  (I  RS)  for  use  in  AFC'S.  USA-CERL  has 
completed  a  study  to  identify  and  evaluate  LRS 
being  used  by  the  military  and  private  industry  that 
meet  AFC'S  requirements  for  initial  temporary 
construction  standards.1  The  study  concluded  that, 
with  some  exceptions,  the  Department  of  Defense’s 
current  inventory  of  I  RS  does  not  meet  current 
theater  ot  operations  (  I  O)  needs. 

Most  of  the  systems  identified  were  expensive 
and  exceeded  military  activity  requirements.  Fur¬ 
thermore.  they  did  not  adapt  effectively  to  various 
climates  without  the  use  of  mechanical  systems. 
Nevertheless,  a  commercial  off-the-shelf  system 
suitable  tor  military  use  was  found  which  met  the 
needs  of  AFC'S  structures  under  60  ft.  wide.* 

Io  evaluate  the  feasibility  of  the  identified 
system,  two-stage  field  tests  were  conducted.  The 
first  stage  ot  the  study,  completed  in  October  1983. 
field  tested  the  I  RS  in  a  desert  environment  at  Fort 
Irwin.  (  A  I  his  report  documents  the  results  of  the 

1  K ,n >.  \  M  ,  el  ,il  .  Evaluation  <>t  IjghiH'righl  Relocatable 
Strut  lures  fur  l  se  in  theaters  of  Operations.  lechmcal  Report 
M  W4  A |  > >\  1 1  7 o  t x  {|  s  Arms  Construction  l-.ngineering  Re* 
search  I  .tbnral.tr>  |(  S  A  (  I  K  I  |.  19X2) 

*  Metric  conversion  factors  are  loumj  on  p  27 

Kan  A  M  .  et  al  .  held  Jesting  of  a  lightweight  Relocatable 
Strm  lure  in  a  Desert  Environment,  technical  Report  VMM 
Al> A  14**41  <1  S  Arms  Construction  fngincenng  Research 
I  ah.  n  at  nr  v  (I  SA  (  I  Rl  J,  19X4) 


second  stage  of  the  field  tests,  in  a  temperate 
env  ironment. 

Fort  Leonard  Wood,  MO.  was  chosen  lor  stage 
II  testing  because  it  exhibits  temperate  climate 
characteristics  with  respect  to  diurnal  temperatute 
change,  relative  humidity,  and  precipitation. 

Objective 

The  objective  of  field  testing  the  selected  I  RS  in 
a  temperate  environment  was  to:  ( I )  monitor  and 
evaluate  the  erection  procedures  ol  the  selected 
building  system  to  determine  its  constructibility. 
durability,  and  habitability,  (2)  study  the  effect  of 
building  modifications  and  various  building  config¬ 
urations  on  the  system's  habitability,  and  (3)  con¬ 
firm  and  expand  on  results  from  the  first-stage  tests 
in  a  desert  environment. 

Approach 

LRS  were  evaluated  according  to  established 
military  construction  criteria,  and  the  system  which 
best  met  the  requirements  was  chosen  for  field 
testing.  A  site  for  testing  the  system  in  a  temperate 
environment  was  selected  and  the  system  was 
evaluated  in  terms  of  its  constructibility.  durability, 
and  habitability.  The  test  results  were  evaluated  and 
modifications  were  suggested  to  improve  system 
performance. 

Mode  of  Technology  Transfer 

It  is  recommended  that  the  results  of  this  field 
test  be  incorporated  into  Army  Technical  Manuals 
5-301,  5-302.  and  5-303.' 


2  STRUCTURAL  SYSTEM 
DESCRIPTION 


AFCS  Design  Criteria 

I  he  major  concern  in  LRS  systems  development 
has  been  their  capability  to  be  field-erected  in  the 
TO.  The  system  must  be  easily  shipped  and  erectable 
in  the  field  as  well  as  capable  ol  being  modilied  to 
meet  climatic  or  other  I  O  demands  A  system  to  be 

1  Arrm  f  acilities  Component  St  stem- Planning.  lechmcal 
Manual  MO  I  (Headquarters.  Depaiimeni  of  the  Arim  |  HQ 
IM|,  March  19X2).  Arrm  l at  times  <  ornponent  S i  stern  Design 
IM  M02  (HQ.  DA.  March  19x2),  -inm  I  utilities  (  t<n\p>  mem 
Svstern- Logistics  Data  and  Hills  of  Materials  IM  ^  *0*  c  HQ 
DA.  March  19X2) 


iik  I  ikied  in  \l  C  S  must  satisty  the  lolloping  criteria 
tui  const t uclion  through  standardization: 

1  Mimmi/e  the  time  needed  to  erect  building 
eomponenis. 

2  Mimmi/e  weight  and  volume  logistical  re¬ 
quirements. 

V  He  container-compatible. 

4  Minimize  construction  costs. 

5  Minimize  construction  skills  and  required 
equipment  and  maximi/e  simplicity  ol  erection 
components. 

Technical  objectives  of  a  potential  system  include: 

1.  C  ompatibility  with  existing  AFC'S  interior 
design. 

2.  lasily  relocatable. 

'  1  asily  adaptable  to  different  climatic  condi¬ 

tions 

4.  Adcq little  shell  lile. 

Hased  on  its  ability  to  adapt  to  these  AFC'S 
rcquiiements.  the  system  made  by  Kelly  Klosure. 
Fremont.  Mi.  was  chosen  as  the  best  commercial 
oll-thc-shelt  system.  Ibis  system  oilers  a  rapidly 
erectablc  structure,  along  with  options  lor  many 
building  eontigurations.  Field  tests  were  done  to 
evaluate  the  habitability,  constructibilily  and 
durability  ol  this  system  as  they  related  to  military 

use 


Kelly  Klosure  Description 

I  he  I  RS  is  a  modular  paneli/ed  system,  based 
.hi  a  I  -I  -  -  '.-m.  steel  frame  panel.  I  he 
basic  sizes  ol  panels  are  4  ■  4  tt.  4  *  X  It.  and  4  X 
12  It  and  tlicv  come  in  galvanized  steel,  structural 
tibeibonid.  and  fiberglass  Corrugated  galvanized 
steel  and  stiuctuial  libel  board  panels  were  used  lor 
i he  lesi 

I  Ik  galvanized  panels  are  made  Irom  2X-gage 
,  ormg.itcd  steel  1  he  liherboard  panel,  manulac- 
tuied  hy  Simplex,  has  tour  0  044-in  plies  ol  water- 
lesistant  leevcled  pa  pel  hoard.  Both  outside  layers 
ate  one  piv  o|  40-lh  haul-sized  kralt  boaid  coated 
with  I  '  mil  ol  polvethylcne  I  he  4-  "  X-tt 

galvanized  steel  weighs  M  lb.  while  the  liherboard 
weighs  5x  |H 


I  he  panel  frame,  cave  angles,  corner  angles, 
ridge  angles,  and  chord  biackets  are  all  made  ol 
Ml()2()  merchants  bar  steel.  Other  building  com¬ 
ponents  include  2-  X  b-in.  wood  chords,  a  2-  X  6-in 
wood  baseplate,  lag  bolts,  guy  wire  system,  and 
Kelly  Klosure  keys  made  of  zinc-plated  steel.  I  he 
system  is  "keyed"  together,  eliminating  most  nuts 
and  bolts;  this  gives  quick  erection  and  takedown 
times  (Figure  I).  Since  all  the  components  inter¬ 
connect  readily,  a  variety  of  configurations  may  be 
assembled  using  different  size  panels.  Thus,  a  large 
varietv  of  building  sizes  could  be  provided  in  a  TO 
environment  in  a  short  period  ot  time.  I  he  system  is 
shipped  in  a  storage  rack  ol  24  to  40  panels,  with 
additional  components  strapped  on  the  top  (Figure 
2).  Table  I  gives  material  costs  for  both  galvanized 
steel  and  fiberboard  for  typical  20-  X  8-  X  40-ft  and 
20-  X  12-  X  40-ft  buildings. 

Construction  and  Erection  Procedures 

I  he  Kelly  Klosure  system  can  be  erected  directly 
on  unfinished  ground,  on  a  concrete  slab,  or  on  a 
suitable  raised  wood  Inundation.  Details  of  the 
construction  and  erection  procedures  are  in  Ap¬ 
pendix  A  of  USA-CF.Rl.  Technical  Report  M-361. 


3  FIELD  TEST  PROGRAM 
Test  Method 

At  Fort  Leonard  Wood,  the  I  RS  system  was 
tested  primarily  for  constructibilily  and  durability 
although  environmental  data  were  gathered  also. 


Figure  I .  Kelly  Klosure  key. 


X 


Figure  2.  Panel  storage  rack. 


Table  I 

Material  Costs  for  Galvanized  Steel 
and  Kiberboard  Panel  Structures 

Building  C  onfigumtiun  Panel  Insert  Base  Cost* 

2o  '  N  *  40  11  Galvanized  Sled  S5.626.IH 

20  •  K  •  41)  It  Structural  I  i her hoard  S4.672.35 

2d  ■  12  ■  40  1!  Galvanized  Steel  S6.34I.I3 

2o  •  12  •  40li  Structural  I  iberhoard  S5.UKI.90 

*  I  lie  e..>t  1  lune  I4s4|  includes  I  he  20  percent  CiSA  discount 
to  I  t)  H  I  reinonl.  M  .  hut  excludes  the  cost  ol  the  2-  *  6-in. 
lumhct  used  tor  the  chords  and  baseplate 

One  building  was  constructed  during  each  cycle. 
One  control  building  remained  in  the  as-built 
condition  throughout  the  testing  while  the  other 
buildings  were  assembled,  disassembled  and  modi¬ 
fied  to  isolate  durability  and  environmental  vari¬ 
ables. 

I  he  buildings  were  assembled  and  disassembled 
by  raw  troops  who  are  at  Fort  Leonard  Wood  lor 
engineer  training  school  and  are  rotated  out  alter 
each  test  cycle  I  hits,  all  construction  times  are  irorn 
new  troops  with  no  experience  in  constructing  Kelly 
Reinsure  buildings  and  also  include  time  spent  hv 
troop  instructors  to  explain  erection  procedure 
details  while  the  students  assemble  the  structures. 

\  tune-tallying  schedule  was  set  up  to  record 
man-hours  required  lot  each  task  spelled  out  in  the 


critical  path  method  tor  the  system.  A  checklist  was 
completed  to  evaluate  each  building's  performance. 

Interior  and  exterior  temperatures  and  other 
weather  data  were  also  collected  with  a  portable 
data  logger  and  weather  station.  The  data  were 
compiled  and  plotted  on  graphs  to  evaluate  the 
system's  habitability. 

Support  Systems  Tested 

I  wo  components  devised  by  USA-CERI.  were 
tested  in  addition  to  the  basic  components  supplied 
by  the  Kelly  K Insure  system:  an  insulating  system 
and  a  ground  anchor. 

I  sing  an  existing  20-  X  8-  X  40-ft  experimental 
structure.  2  in.  of  rigid  foil-faced,  glass-reinforced, 
polvisocyanurate  foam  insulation  was  tested  on  the 
walls  and  ceiling.  With  a  !4-in.  airspace,  the 
insulation  has  an  R-value  of  17.2.  ISA-CER1 
developed  and  built  a  reusable  wall  panel  bracket 
which  incorporated  the  Kelly  Klosure  key  lor 
connecting  insulation  to  the  panels.  For  the  top  ol 
the  panels.  4-  •  1 .-  <  l()-m  steel  plate  was  bent  and 
slotted  to  match  the  panel  key  openings.  I  wo 
brackets  were  required  to  hold  the  top  ol  each  4-  * 
8-lt  insulation  panel  to  the  sidewalls.  W  ood  strips  of 
I  ■  2  in  served  as  the  molding  and  secured  the 
insulation  at  the  base  Ceiling  brackets  were  de¬ 
signed  to  lit  over  the  2-  ■  b-in  chords.  I  hese  were 
made  ol  bent  20-gage  galvanized  steel  metal  4  in. 
vv  ule 


I  he  'i.u'v-'.i; d  kellv  k!«>'Urc  helical  screw  aiigei 
a:.1.1:  d:d  n . >t  woik  well  because  it  could  not 
p  ■  1  .vticmelv  iock\  soil.  \  stiaighl  pipe 

. :  ■ .  ^  developed  hv  1  SA-CTRI  .  prcviouslv 
la:  Held  tests  a!  I  ort  Irwin,  penetrated 
.  .eo  . . i s : , v  but  provided  little  lateial  resistance 
.1  cure  m 

Description  of  Test  Program  and 
Test  Building  Construction 

I  be  test  was  conducted  in  seven  cv cles.  1  lie 
I'...  .Hu's  :  ,-sted  in  these  cvcles  are  shown  m  I  able  2 

Non  e  .[ilanation  i'  needed  loi  the  construction 
in-hoi. is  i  |  able  2  l  I  he  construction  ol  the  Kells 
k.  'Ml  s(  i  natures  at  I  oit  1  eonuld  Wood  was 
>  ip.’i  v  iscd  pi : m ,i i : I \  hv  .in  \imv  engineering  nam¬ 
ing  si hooi  ir.sti  ;ivto!  ami  completed  bv  a  standard 
,  r  i  o : :  i  •.  e:  u,e  p  Mainuic  iu.it  i  pitman!)  I  -I’s).  At 

loM  I :  w ■  n  o.ice  I  l.v  a!  tes;s.  the  construction  ol 
k  ...  .  k.os.ue  s’,  .unites  was  sti  pel  vised  hv 
!  s  \  i  1  Is  I  1 1  d  completed  hv  \ i  ms  peisonnel 
•’  •  Mo  .it  .'.is  . !a:v  [laming  background 

v  .  n.  ’  I  ■  ou.-ueh  I  -to 


\t  Port  I  eonard  Wood,  the  wmk  piogiessed 
slovvlv  with  the  troops  following  explicit  mihtaiv 
training  satciv  rules  and  lateral  bt. icing  schemes: 
this  grcatlv  increased  overall  construction  tunes  \: 

I  ort  Irwin,  both  l  SA-CTRI  and  toil  liwm 
nulilarv  personnel  worked  .it  as  last  a  pace  as 
possible  to  optimize  construction  times  la  the 
troops  .it  hoil  Leonard  Wood,  the  kellv  klosuic 
structures  were  itist  another  tvpe  ol  building  to  leain 
to  assemble,  while  at  Port  Irwin,  the  kellv  klosiue 
structures  were  a  Unique  building  svstein  which 
allowed  the  troops  to  get  awav  Irom  their  eveivdav 
tasks.  However,  the  construction  tunes  in  I  able  2 
do  decrease  as  the  tests  pi  ogress,  which  seems  to 
indicate  an  increasing  laimharitv  with  the  kellv 
klosure  svstem  bv  the  troop  instructors. 

Baseplate/ Foundation  Construction 

I  wo  2(1-  ■  40-lt  baseplates  were  built  on  separate 
semi-permanent  elevated  wood  foundations  at  the 
start  ol  the  test  ( Figure  4i.  I  he  loundation  consisted 
ol  heavy  (S-  •  X-in.l  perimeter  beams.  2-  ■  6-in. 
Hooting  supports,  and  I-  •  12-in.  hoard  Hours 

il  igurc  5)  I  he  loundation  was  erected  on  a  slight 
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Figure  27.  Sidewall  moisture  damage  at  panel  base. 


Efh\t  at  /‘awl  Material 

I  lie  elleet  ot  the  panel  material  was  evaluated  by 
i  omparing  the  20-  ■  X-  ■  40-lt  liberboard  structure 
with  the  2(1-  ■  s-  •  40-lt  steel  control  structure  in 
test  «.vele  4  I  he  comparison  shows  the  good  en¬ 
vironmental  pertormance  ot  the  liberboard  structure. 
On  hot  sunny  days,  the  liberboard  structure's  6-lt 
temperature  cioselv  mirrored  the  outdoor  tempera¬ 
ture.  consistentlv  staying  3  5  to  5.5  C  cooler  than 
the  control  structure  during  the  daytime  (0X00  to 
I  sun  hours)  (figure  2X)  \t  night,  the  liberboard 
'’nictuie's  6  It  k"  el  temperature  stayed  2.0  to  2.5r  C 
vookr  than  both  the  outside  and  control  building 
mpet  at  tires 

On  cool  day-,  the  liberboard  structure,  control 
rrustme  and  outdoor  temperatures  remained  fairly 
i.  o'ishint  i  I  igure  2l)j  with  the  liberboard  structure 

1  iiimiiL’  (i  '  to  I  0  (  cooler  than  the  control  struc- 

t  in  average  davs  (high  temperature  20.0 
ih.  t.her  board  stliicluie  stayed  consistently  1.0  to 

2  o  <  I'olcr  'han  the  conlrol  structure  (  Figure  30). 

I  th  i  /  1  /or,  If  /»»,/.  i 

I  lie.'  .  I  more  window  openings  was  eval- 

. . i '  :  h.  :  .  m-p.i:  ,r,c  a  .'ll  •  N •  •  40-lt  galvanized 


steel  structure  with  12  window  panels  to  the  20-  X 
X-  X  40-l't  galvanized  steel  control  structure  with 
lour  window  panels  during  test  cycle  6.  The  average 
temperature  difference  between  the  test  stucture  with 
extra  windows  and  the  control  structure  was  between 
0.5  to  1.0°  C.  w  hich  can  be  considered  negligible 
(  F  igures  3 1  and  32). 

Effect  of  Insulation 

I  he  effect  ol  insulation  was  evaluated  by  com¬ 
paring  the  temperature  difference  between  test  cycles 
4  and  5  and  the  temperature  difference  in  test  cycle 
7.  I  he  insulation  appears  to  lower  the  temperature 
about  2.0  to  3.5  C  in  the  liberboard  structure  and 
4,0  to  7.5  (.'  in  the  galvanized  steel  structure  during 
the  daytime  (0X00  to  1X00  hours)  of  moderately 
warm  to  hot  days  (f  igures  33  through  36).  During 
the  evening  hours  ot  the  hottest  dav.  the  insulated 
steel  structure  stayed  2.5  to  4.0  C  warmer  than  the 
control  structure  and  the  insulated  liberboard  struc¬ 
ture  stayed  1.5  to  2.0  (.'  cooler  than  the  control 
structure  On  the  hottest  day  ol  test  cycle  7.  the 
control  structure  temperature  at  the  6-lt  level  peaked 
at  33  (  .  while  the  temperature  at  the  6-lt  level  in 
the  insulated  steel  structure  peaked  at  26  (  (I  igure 
35) 


Figure  25.  Gable  and  endwall  moisture  damage. 


Figure  26.  Gable  moisture  damage:  buckling  ot  fiberboard  and  delamination  ot  surface  material 


from  Lull'.  Klosure  is  a  neve  system  and  the 
libel  hoard  panels  used  at  Fort  Leonard  Wood  were 
also  used  in  the  Fort  Irwin  held  tests  and  have, 
thus  been  exposed  to  weather  lor  over  I  year. 
Improved  hberhoaid  panels,  with  caulking  around 
all  evict  101  nvets  and  exterior  steel  frame  edges,  are 
now  being  tested  at  Fort  I  eonard  Wood.  No 
noticeable  deterioration  has  been  observed  on  those 
panel’s  However,  it  is  apparent  that  further  devel- 
■  ipmetlt  vv or k  is  required 


Habitability  Test  Results 

I  his  section  interprets  the  weather  data  collected 
at  Fort  Leonard  Wood.  During  the  test  cycles, 
temperatures  were  recorded  in  both  the  test  and 
control  structures  and  outdoors  I  he  extteme  tem¬ 
peratures  were  recorded  from  data,  and  giapits  wcic 
made  lor  the  extreme  days.  I  lie  temperatures  at  the 
6-lt  level  were  chosen  tor  comparison  since  most 
occupants  will  feel  the  /one  around  the  4-  to  h-lt 
level 


Figure  23.  Wood  kneebrace  attachment  to  chords  and  sidewalls. 


Guy  less  Design 

Work  has  been  progressing  on  a  guyless  design 
tor  a  20-ft-wide  X  X-ft-high  structure.  The  experi¬ 
mental  wooden  kneebrace  system,  used  in  the  20-  X 
X-  ■  40-ft  fiberboard  test  structure  at  Fort  L  eonard 
Wood,  is  one  way  resistance  to  lateral  forces  could 
be  accomplished.  I  he  loundation  also  needs  to  be 
investigated  further  A  ballast-type  foundation  needs 
to  be  incorporated  into  the  guyless  design  to  resist 
the  uplift  on  the  building.  Several  other  types  of 
lateral  bracing  systems  (Figure  24)  were  considered 
by  ISA-C'FRI  After  consulting  with  Kelly  Klosure 
and  conducting  some  preliminary  independent  re¬ 
search.  it  has  been  detei  mined  that  there  are  two  or 
three  possible  methods  lor  eliminating  guy  wires. 
Further  research  will  be  done  in  FYX5  to  resolve 
loundation  baseplate  details  lor  various  soil  condi¬ 
tions  and  to  determine  the  optimum  lateral  bracing 
scheme 

Durahilu i  lest  Results 

I  he  galvani/ed  steel  panel  buildings  showed 
almost  no  durability  problems,  more  than  meeting 
current  A I  (  S  requirements  tor  temporary  structures 
in  a  It) 

I  he  tiberboard  system  exhibited  several  problems 
not  previouslv  noticed  in  the  desert  field  tests.  I  he 
tiberboard  panels  tested  at  Fort  I  eonard  Wood 


exhibited  extreme  weathering  problems.  Figures  25 
and  26  show  peeling  and  delamination  of  the  surface 
coating  (polyethylene)  from  the  tiberboard  base 
material.  This  problem  was  most  prevalent  on  the  end- 
wall  gable  sections,  but  also  occurred  in  other  areas. 

Another  problem  first  noticed  at  Fort  Leonard 
Wood  was  the  wicking  of  moisture  by  the  fiberboard 
around  the  panel’s  perimeter  and  the  interior 
crossbrace  rivet  points.  The  fiberboard  panels  were 
not  caulked  on  the  outside  around  the  edge  of  the 
steel  frame.  T  his  allowed  moisture  to  seep  down 
between  the  frame  and  fiberboard  panel  base  and 
then  up  through  the  layers  of  fiberboard,  causing 
swelling  and  delaminating  at  the  panel  base  (Figure 
27).  This  type  of  moisture  problem  was  also  obv  ious 
around  the  points  where  rivets  attach  the  fiberboard 
to  the  interior  cross  brace.  A  perfect  circle  of 
swollen,  wet.  delaminated  fiberboard  formed  around 
many  ol  the  interior  crossbrace  rivets.  In  the  early, 
wet  spring  weather,  moisture  damage  was  visually 
noticeable  in  50  percent  or  more  of  the  fiberboard 
panels  in  the  20-  X  X-  X  40-lt  structure. 

Although  the  damaged  fiberboard  does  not.  in 
itscll.  allow  moisture  intrusion,  it  does  greatly 
reduce  panel  strength  and  consequently  the  amount 
ol  handling  and  relocation  that  can  occur  without 
damage.  Admittedly,  the  fiberboard  panel  system 


Figure  21.  Damaged  panel  ends. 


the  cave  angle  connection  bolt  regardless  of  recom¬ 
mended  erection  procedures,  a  new  oblong-shaped 
countersunk  bolt  will  be  used  by  Kelly  in  the  future. 
It  matches  the  shape  of  the  slot  in  the  root  panel 
frame  and.  thus,  has  more  bolt  head  surface  area  to 
bear  on  the  panel's  steel  frame  (  Figure  18). 

In  the  third  test  cycle,  a  20-  X  12-  X  32-ft 
galvanized  steel  structure  was  constructed  out  of  4- 
X  12-ft  panels.  I  he  32-ft  structure  length  was  used 
because  ot  a  lack  of  4-  X  12-ft  galvanized  steel 
panels.  (  Many  of  the  4-  X  12-ft  panels  were  damaged 
when  used  as  roof  panels  on  the  28-ft-wide  struc¬ 
ture.)  1  he  use  of  4-  X  12-ft  panels  tor  the  sidewalls 
allows  a  12-lt-high  building  to  be  erected  using  a 
4-ft-wide  bay  section.  I  his  type  of  12-ft-high  struc¬ 
ture  can  be  manually  erected  as  well  as  crane  erected; 
however,  manual  erection  is  not  recommended  on 
an  elevated  foundation.  I  sing  a  crane,  the  20-  X  12- 
X  32-ft  structure  was  erected  in  216  man-hours. 

I  he  reason  lor  the  extremely  large  number  of 
man-hours  is  that  the  structure  was  completed  by 
two  separate  troop  crews  over  a  7-day  period.  I  hus. 
a  duplication  of  explanation  and  training  greatly 
slowed  the  erection  process. 

28-  ■  8-  X  32-ft  Building.  I  he  28-tt-wide  struc¬ 
ture  was  erected  to  further  test  the  flexibility  of  the 
paneli/ed  building  system  and  to  examine  the  Kelly 
Klosure  erection  process  which  uses  a  bolted  steel 
structural  framework.  I  he  28-ft-wide  building  was 
erected  on  an  existing  concrete  pad  foundation  onto 
which  a  2-  X  8-in  wood  baseplate  had  been  at¬ 
tached  I  he  structure  was  erected  on  a  snowy,  cold 
December  day  (f  igures  19  and  20).  in  128  man¬ 
hours  A  crane  was  used  to  lilt  each  bay  section  into 


f  igure  17.  Old  stvlc  round  Hat  head  bolt 


place.  During  the  erection  of  the  lirst  bays,  which 
included  the  endwali  section,  several  roof  panels 
were  damaged  by  the  brackets  used  to  attach  the 
lilting  cable.  I  he  endwall's  extra  weight  caused  the 
brackets  to  bend  up  the  steel  angle  on  the  4-1 1  panel 
edge  (figure  21).  This  problem  occurred  only  in  the 
bay  sections  which  included  an  endwali  section.  In 
the  future,  when  erecting  end  bay  sections,  troops 
should  include  only  the  gable  panels  of  the  endwali. 
I  his  will  alleviate  the  problem  by  lightening  the  end 
section  significantly. 

hihcrhoard  Panel  Buildings 

Only  one  size  fiber  board  panel  structure  was 
used:  20  X  8  X  40  It.  In  the  fourth  test  cycle,  a 
fiberboard  structure  identical  in  size  and  configura¬ 
tion  to  the  control  building  was  erected  in  150 
man-hours. 

Kelly  Klosure  structures  are  dillicult  to  erect  on 
elevated  foundation  baseplates  because  ol  the  inter¬ 
ior  bay  section’s  lateral  instability  .  When  erecting  an 
interior  bay  section,  the  lack  ol  space  for  troops  to 
step  on  outside  the  baseplate  perimeter  makes  it 
dillicult  to  counteract  any  quick  lateral  shilt  of  the 
bay  section,  fiberboard  panel  bay  sections,  being 
even  more  flexible  than  steel  panel  bay  sections, 
need  some  type  of  bracing  to  facilitate  quick  erec¬ 
tion.  I  hus.  the  troops  erecting  the  fiberboard  panel 
structures  devised  a  semi-permanent  wood  knee  brace 
type  support  (f  igure  22).  I  he  wooden  kneebrace 
was  made  of  standard  2-  X  6-in.  lumber  nailed  to 
the  2-  X  6-in.  chord  member  and  to  each  4-  X  8-ft 
wall  section  frame  (f  igure  23).  I  he  kneebrace  kept 
the  bay  secton  rigid  and  prevented  all  lateral  sway 
during  erection. 


Figure  18.  New  stvle  oblong  llat  head  bolt 


speed,  wind  direction,  and  solar  radiation.  Thermo¬ 
couples  and  or  thermistors  were  mounted  at  the  I- 
It.  4-lt.  6-ft.  8-tt.  and  1 2-1 1  levels  within  each 
building  Relative  humidity  probes  were  mounted  at 
the  6-lt  level  Wind  speed,  wind  direction,  and  solar 
radiation  probes  were  mounted  on  a  steel  pipe- 
attached  to  the  control  building  (Figure  14). 


4  FIELD  TEST  RESULTS 

Constructibility  Test  Results 

Galvanized  Steel  Panel  Buildings 

Several  si/es  and  configurations  of  galvanized 
steel  panel  structures  were  used.  Following  are  brief 
descriptions  and  explanations  of  the  test  results  for 
each  steel  panel  structure  configuration. 

20-  <  8-  *  40-ft  Building.  Since  the  20-  XH-X 
40-1 1  galvanized  steel  control  building  was  the  first 
demonstration  of  erection  procedures  and  was 
erected  in  the  rain,  detailed  construction  times  were 
not  recorded  l  SA-C'FRl  personnel  assisted  in  the 
erection  process.  I  he  elevated  foundation  made  it 
difficult  to  erect  the  structure  because  there  was  no 
place  to  stand  while  erecting  the  end  sections  (im¬ 
possible  by  standard  Kelly  K Insure  procedures  lor 
the  highest  elevated  endwall).  I  he  first  step  ol  the 
modified  procedure  required  to  erect  the  highest 


elevated  endwall  is  shown  in  Figure  15.  Erecting  the 
panels  by  manually  rolling  up  the  4-ft-wide  bay 
sections  was  difficult  and  hazardous  on  the  elevated 
foundation.  (Using  a  crane  is.  thus,  highly  recom¬ 
mended  when  installing  the  structures  on  an  elevated 
foundation.)  I  he  interior  of  the  completed  control 
building  is  shown,  with  instrumentation  in  place,  in 
Figure  16. 

20-  X  12-  X  40-ft  Building.  Several  cycles  ol  20- 
X  12-  X  40-ft  structures  were  assembled  to  test 
specific  types  of  panel  configurations  (Figures  9  and 
10).  In  the  second  test  cycle,  a  20-  X  12-  X  40-ft 
galvanized  steel  structure  was  erected  in  a  total  of 
119  man-hours,  with  4-  X  8 -ft  stiflback  panels  used 
to  construct  the  12-ft  sidewalls.  In  addition,  a  12-  x 
12-ft  vehicle  door  was  included  in  one  endwall.  A 
crane  was  required  to  erect  the  8-ft-wide  bay  sec¬ 
tions. 

During  the  second  test  cycle,  several  round  coun¬ 
tersunk  flat  head  bolts  pulled  through  the  slots 
(Figure  17)  which  connect  the  cave  angles  to  the 
roof  panels.  It  was  finally  determined  that  the  troops 
were  over-tightening  the  bolts  with  a  socket  wrench 
(Kelly  (Closure's  erection  guide  specifies  finger-tight) 
and  consequently,  pulling  the  bolts  partially  through 
the  roof  panel  slots.  Thus,  when  the  bay  sections 
were  erected  and  the  connections  stressed,  the  pre¬ 
viously  deformed  bolt  heads  pulled  through  the  roof 
panel  slots  and  the  connections  failed.  Since  per¬ 
sonnel  would  probably  use  some  type  of  wrench  on 


Figure  14.  I  xterior  weather  station 
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Figure  4.  lest  structure  and  control  structure  on  elevated  wood  baseplates. 


Figure  5.  Elevated  wood  foundation. 


grade,  which  required  the  use  of  concrete  block  and 
timber  shims  to  level  the  baseplate  (Figure  6). 

First  Test  Cu  lt' 

I  lie  first  test  cycle  began  in  early  November  with 
the  construction  ol  the  control  building,  made  of 
galvam/cd  steel.  20-  ■  4d-|t  with  N-ft  sidewalls 

I  Figure  I  his  building  remained  up  throughout 
the  test  cycles.  In  mid-l December.  a  2N-  ■  32-1 1 
building  with  N-lt  sidewalls  (Figure  X)  was  con¬ 
structed  on  tin  existing  concrete  pad  near  the 
control  building.  I  his  structure  used  both  steel  and 
liberboatd  panels  and  was  constructed  in  16  hours 
bv  an  eight-person  crew. 

Second  lest  (  yde 

I  he  second  test  cvcle  began  in  carlv  February 
and  was  completed  in  mid-lebruary  In  this  test,  a 
2( >-  ■  40-lt  steel  building  vv as  etected  with  12-tt 
sidewalls  I  he  sidewalls  were  constructed  using  4-  ■ 
s-tt  panels  with  2-  ■  6-  ■  12-in.  wooden  stillback 

column'  to  I  or  m  N-lt  hav  s  1 1  igute  4)  I  his  bin  Id  mg 


had  one  personnel  door  and  one  vehicle  door  and 
was  completed  in  17  hours  by  a  seven-person  crew. 

Third  Feu  Cycle 

The  third  test  cycle  was  begun  in  mid-February 
and  finished  in  early  April.  I  his  cycle  tested  a  20-  X 
32-ft  steel  structure  with  12-fl  sidewalls,  built  using 
4-  X  12-lt  steel  panels  (Figure  10).  I  his  building, 
which  had  two  personnel  doors,  was  built  in  24 
hours  by  nine  people  and  was  disassembled  in  X 
hours  by  10  people. 

Fourth  Test  Cvcle 

I  he  lourtli  test  cycle  ran  trom  early  to  mid-April. 
In  this  cycle,  tests  were  conducted  on  a  20-  ■  40-tt 
liberboard  building  with  N-lt  sidewalls  (Figure  II). 
I  his  structure  was  erected  with  two  personnel  doors 
in  15  hours  bv  1 0  people. 

Fifth  Feu  Cvcle 

In  the  tilth  test  cycle,  the  same  structure  was  used 
(null  the  lourtli  test  cvcle.  but  2-m.  thick.  4-  x  S-Jt 
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CONCLUSIONS  AND 
RECOMMENDATIONS 

I  he  stage  II  tests  at  fort  Leonard  Wood  not 
only  continued  results  front  stage  I  tests  at  I  ort 
I  ruin,  but  also  exposed  some  deficiencies  in  the 
liberboard  system  which  did  not  occur  in  a  desert 
env  ironment. 

I  he  corrugated  steel  panel  systems  satisfy  AFC'S 
requirements  lor  both  initial  and  temporary  (0  to  24 
months)  construction,  but  unless  some  change  is 
made,  the  liberboard  panels  cannot  meet  AFC'S 
durability  criteria. 

In  tenns  ol  const luctibility .  the  12-lt-high  budd¬ 
ings  made  ol  4-  ■  8-lt  panels  were  more  difficult  to 
erect  than  K-lt-high  buildings.  I  he  12-lt  buildings 
required  a  crane  to  erect  the  section,  which  became 
unstable  on  the  foundation  baseplate.  The  stilfbacks 
did  not  help  much,  so  troops  devised  a  temporary 
knee-brace. 

In  the  area  of  durability,  the  galvanized  steel 
building  had  no  problems  under  the  test  conditions. 
It  can  be  expected  to  perform  as  well  as  any  gal¬ 
vanized  steel  skin  building  currently  available. 

I  he  liberboard  system  showed  severe  durability 
problems  in  moist  weather.  Damage  was  noticeable 
m  more  than  50  percent  of  the  panels  in  the  20-  X  8- 
-  40-1 1  liberboard  lest  structure.  I  he  panel’s  wicked 
in  moisture  around  their  edges  and  the  interior 
crosshracc  rivet  points,  causing  them  to  peel  and 
delaminate.  I  lus  greatly  reduces  panel  strength  and 
the  amount  ol  handling  and  relocatability  that  can 
occur  without  damage,  further  tests  are  being  done 


at  foil  I  eonaul  Wood  on  panels  that  are  caulked 
around  all  exterior  rivets  and  extenoi  edges  I  he 
manufacturer  is  also  conducting  tests  on  wavs  to 
improve  the  liberboard  panels 

Neither  the  kelly  k lostire  ground  anehoi  not  the 
l  NA-CI  R1  manufactured  pipe  anchor  woikcd  well 
m  the  loose,  rocky  soil  at  fort  Leonard  Wood  I  he 
kelly  klosure  auger  anchor  was  almost  impossible 
to  get  down  into  the  soil  and  the  l  SA-t'I  RI 
anchor  easily  pulled  up  through  the  soil,  further 
research  has  been  funded  for  fY85  to  determine 
whether  a  guyless,  lateral  bracing  system  can  be 
used.  A  technical  report  will  be  published  about 
that  project. 

Habitability  tests  showed  that  the  liberboard 
structures  are  cooler  than  steel  structures.  On  hot 
days,  the  liberboard  structure  measured  ,V5  to  5.5'  C 
cooler  than  the  steel  control  structure. 

Two  building  modifications  were  made  in  an 
attempt  to  affect  the  structural  habitability.  More- 
windows  were  added  to  a  steel  building,  but  theur 
cooling  effect  was  negligible.  Modifying  the  build¬ 
ings  with  insulation  gave  the  greatest  habitability 
benefit.  Adding  insulation  to  a  galvanized  steel 
structure  decreased  the  maximum  temperatures  4.0 
to  7.5°  C.  and  adding  insulation  to  a  liberboard 
structure  decreased  the  maximum  temperatures  2.0 
to  3.5°  C.  Liberboard  structures  are  almost  as  cool 
as  insulated  steel  structures,  but  insulated  liberboard 
buildings  are  only  slightly  cooler  than  insulated  steel 
structures. 

Lnless  the  liberboard  moisture  problem  is  cor¬ 
rected.  insulated  galvanized  steel  structures  would 
be  the  better  choice,  based  on  durability  and 
habitability 
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